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@ Apparatus and method lor detecting neutral steering angle of steering wheel system lor vehicle. 

Q\ An apparatus and method for detecting a neutral steering F1G.1 
angle of a steering wheel system for a vehicle through which the 
vehicle runs straight are disclosed In which v^men a neutral 
proximity signal (E3) is outputted which indicates that a 
steering angle of the steering wheel falls In a predetemilned 
angular range placed In a proximity to the neutral steering 
angle, a deviation quantity (angle value) between the steering 
angle received from a steering angle sensor (1) at a time when 
the neutral proximity signal is outputted and neutral steering 
angle is derived, updates, and stored as a final value 
irrespective of on and off of a vehiclar ignition switch. In 
addition, when the neutral proximity steering angle is received 
at a first time when the ignition switch has been turned on, the 
neutral steering angle is reproduced from the steering angle at 
that time and the final value of the deviation quantity. 
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Description 

APPARATUS AND METHOD FOR DETECTING NEUTRAL STEERING ANGLE OF STEERING WHEEL SYSTEM FOR 

VEHICLE 



BACKGROUND OF THE INVENTION 5 



(1) Reld of the invention 

The present invention relates generally to an 10 
apparatus and method for detecting a neutral 
steering angle of a steering wheel system for a 
vehicle, the neutral steering angle thereof being 
defined as a steering angle at which the vehicle goes 
straight, and particularly relates to the apparatus and IS 
method for detecting the neutral steering angle for a 
short period of time Immediately after the vehicle has 
traveled. 

20 

(2) Background of the art 

A detection of a neutral steering angle is indis- 
pensable for a control of a four wheel steering 
carried out during a turn of the running vehicle. 55 

A Japanese Patent Application First Publication 
Showa 62-201306 published on September 5. 1987 
exemplifies a previously proposed neutral steering 
angle detecting apparatus. 

The previously proposed neutral steering angle 30 
detecting system includes a microcomputer for 
receiving a first pulse signal outputted by a steering 
angle sensor according to a steering angle of a 
steering wheel and a second pulse signal outputted 
by a vehicle speed sensor according to a vehicle 35 
speed. The microcomputer derives a relative steer- 
ing angle to a steering position of the steering wheel 
on the basis of the first output signal when an 
ignition switch of the vehicle is turned on and derives 
a running distance of the vehicle from the second 40 
output signal of the vehicle speed sensor. The 
microcomputer derives an average value and vari- 
ation width of the steering wheel sampled at a 
regular interval during the run of the vehicle 
whenever the vehicle has run at a predetermined 45 
reference distance. In a case where the variation 
width falls within a predetermined reference value, 
the microcomputer determines that the average 
value derived together with the variation width Is the 
neutral steering angle. According to the previously 50 
proposed apparatus, since the variation width of the 
steering wheel is narrow and the microcomputer 
determines only the average value of the steering 
angle In a case where a possibility of running on a 
straight line is extremely high as the neutral steering 55 
angle, the neutral steering angle can always accur- 
ately be detected In cases where the turn in the 
same direction is repeated or where the steering 
angle Is largely deviated from the neutral angle when 
the Ignition switch Is turned on. 60 

However, the above-described neutral steering 
angle detecting apparatus cannot determine the 
average value of the steering wheel as the neutral 



steering angle when the vehicle does not run 
straight more than the predetermined distance after 
the ignition switch is turned on. Therefore, when the 
ignition switch Is turned off and the neutral steering 
angle detected heretofore disappears, the neutral 
steering angle is newly updated whenever the 
ignition switch is turned on. Therefore, a detection 
accuracy cannot be improved by an accumulation of 
the detected data. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an apparatus and method for detecting a 
neutral steering angle of a steering wheel for a 
vehicle which achieve a high accuracy of detection 
of the neutral steering angle. 

The above-described object can be achieved by 
providing an apparatus for a vehicle, comprising: a) 
first means for detecting a steering angle; b) second 
means for measuring a running distance of the 
vehicle; c) third means for comparing the running 
distance with a previously set reference distance 
and outputting a running signal whenever the vehicle 
has run by the reference distance; d) fourth means 
for deriving an average value of the steering angle 
during the run whenever the vehicle has run by the 
reference distance; e) fifth means for calculating a 
variation width of the steering angle during the run 
whenever the vehicle has run by a reference 
distance; f) sixth means for determining the average 
value derived together with the variation width as a 
neutral steering angle in a case where the variation 
width falls within the reference width; g) seventh 
means for detecting that the steering angle has 
fallen in a predetermined steering angle previously 
set in the vicinity to the neutral steering angle and 
outputting a neutral proximity signal upon the 
detection thereby; h) eighth means for calculating a 
deviation quantity between the steering angle and 
the neutral steering angle; i) ninth means for storing 
the final value of the deviation quantity Irrespective 
of the on and off of an ignition switch of the vehicle; 
and j) tenth means for reproducing the neutral 
steering angle between the final value of the 
deviation quantity which has been stored and the 
steering angle on the basis of the first neutral 
proximity signal in a case when the ignition switch of 
the vehicle has been turned on. 

The above-described object can also be achieved 
by providing an apparatus for detecting a neutral 
steering angle of a steering wheel of a vehicle 
applicable to a four wheel steering control system, 
comprising: a) first means for detecting a steering 
angle of the steering wheel; b) second means for 
detecting a vehicle speed and measuring a running 
distance of the vehicle on the basis of the vehicle 
speed; c) third means for comparing the running 
distance with a previously set reference distance 
and outputting a running signal whenever the vehicle 
has run by the reference distance; d) fourth means 
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for deriving an average value of the steering angle 
during the run whenever the vehicle has run by the 
reference distance; e) fifth means for calculating a 
variation width of the steering angle during the run 
whenever the vehicle has run by a reference 
distance: f) sixth means for determining the average 
value derived together with the variation width as the 
neutral steering angle through which the vehicle 
goes straight in a case where the variation width falls 
within the reference width; g) seventh means for 
detecting that the steering angle has fallen in a 
predetermined steering angle previously set In the 
vicinity to the neutral steering angle and outputting a 
neutral proximity signal upon the detection thereby; 
h) elght+i-means-for calculating a deviation quantity — 
between the steering angle and the neutral steering 
angle; i) ninth means for storing the final value of the 
deviation quantity irrespective! of the on and off of an 
ignition switch of the vehicle; and j) tenth means for 
reproducing the neutral steering angle between the 
final value of the deviation quantity which has been 
stored and the steering angle on the basis of the first 
neutral proximity signal in a case when the Ignition 
switch of the vehicle has been turned on. 

The above-described object can also be achieved 
by providing a method for detecting a neutral 
steering angle of a steering wheel of a vehicle 
applicable to a four wheel steering control system, 
comprising the steps of: a) detecting a steering 
angle of the steering wheel; b) measuring a running 
distance of the vehicle; c) comparing the running 
distance with a previously set reference distance 
and outputting a running signal whenever the vehicle 
has run by the reference distance; d) deriving an 
average value of the steering angle during the run 
whenever the vehicle has run by the reference 
distance; e) calculating a variation width of the 
steering angle during the run whenever the vehicle 
has run by a reference distance; f) determining the 
average value derived together with the variation 
width as the neutral steering angle through which 
the vehicle goes straight in a case where the 
• variation width falls within the reference width; g) 
detecting that the steering angle has fallen In a 
predetermined steering angle previously set in the 
vicinity to the neutral steering angle and outputting a 
neutral proximity signal upon the detection therein; 
h) calculating a deviation quantity between the 
steering angle and the neutral steering angle; i) 
providing a memory for storing the final value of the 
deviation quantity Irrespective of the on and off of an 
ignition switch of the vehicle; and j) reproducing the 
neutral steering angle between the final value of the 
deviation quantity which has been stored and the 
steering angle on the basis of the first neutral 
proximity signal in a case when the ignition switch of 
the vehicle has been turned on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic circuit block diagram of 
a preferred embodiment of a neutral steering 
angle detecting apparatus for a vehicle accord- 
ing to the present invention. 

Fig. 2 is a front view of a steering sensor and 



a neutral proximity sensor in the preferred 
embodiment shown in Fig. 1 according to the 
present invention. 

Figs. 3 (a) through 3 (c) are waveform charts 
5 of output signals of the steering angle sensor 

and neutral proximity sensor. 

Fig. 4 is a flowchart of a program executed by 
a microcomputer shown in Fig. 1 . 

Fig. 5 Is a flowchart of another program 
10 executed by the microcomputer shown in 

Flg.1. _^ 
Fig. 6 Is a timing chart of an operating state of 
the preferred embodiment in Fig. 1- 
Fig. 7 is a front view of an essential part of the 
y5_ _ neutral proximity sensor in another prefen-ed 
embodiment according to the present Inven- 
tion. 

Fig. 8 Is a timing chart of an operating state of 
the other preferred embodiment shown In 
20 Fig. 7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
Reference will hereinafter be made to the draw- 
25 Ings in order to facilitate a better understanding of 
the present invention. 

Fig. 1 shows a preferred embodiment of a neutral 
steering angle detecting apparatus according to the 
present invention. 
30 In Fig. 1. a steering angle sensor 1, a vehicle 
speed sensor 3, and a neutral area sensor 2 are 
connected to a microcomputer 4. 

The microcomputer 4 includes a CPU 8, a memory 
9, an . input/output Interface 10, and a back-up 
55 memory 11. 

The steering angle sensor 1 and neutral proximity 
steering angle 2 are integrally fitted to a steering 
shaft 5 as shown In Fig. 2. A slitted disc plate 6 is 
integrally rotatable with the steering shaft 5. A photo 
40 interrupter 7 Is fitted to the slitted disc plate 6 and 
spaced apart therefrom. 

The slitted disc plate 6 includes a multiple number 
of steering angle^measurlng slits 6a aligned along a 
peripheral edge of an outer periphery thereof, and a 
45 single slit 6b installed for detecting a position at 
which the photo interrupter 7 overiaps therewith In a 
case when the steering wheel mounted onto the 
steering shaft 5 is placed in proximity to the neutral 
steering angle, in addition, the photo interrupter 7 
50 includes two steering angle measuring light receh^- 
ing elements 7a, 7b arranged on positions in a radial 
direction of the slitted disc plate 6 on which the slit 
6a Is overlapped so as to be spaced apart from each 
other by a distance which corresponds to an Integral 
SS number of times of a pitch p of such a slit 6a added 
or subtracted by 1/4 pitch, a single neutral proximity 
light receiving element 7c anranged on a position in 
the radial direction on which it is overiapped with the 
slit 6b, and a light source (not shown) opposed so as 
60 to sandwich the slit disc plate 6 with these light 
receiving elements 7a. 7b. and 7c. When the steering 
wheel (not shown) Is steered which is connected to 
the steering shaft 6. the slit 6a is moved between.the 
light receiving elements 7a, 7b and light source on 
es the basis of the slitted disc plate 6 (steering shaft 5). 



3 



5 



EP 0 359 673 A2 



6 



Since two kinds of steering angle pulse signals E1, 
E2 are outputted having two different phase devia- 
tions according to the direction along which the 
steering wheel is steered as shown in Figs. 3 (a) 
and 3 (b) from the light receiving elements 7a, 7b, 
the light source opposing the steering angle 
measuring slit 6a and steering angle measuring light 
receiving elements 7a, 7b Is functioned as the 
steering angle sensor 1. 

In addition, when the steering wheel Is steered, 
the silt 6b is rotated between the light receiving 
element 7c and light source on the basis of the 
rotation of the slitted disc plate 6. 

When the steering angle, thereby, reaches a 
predetermined angle which is specified with a slit 6b 
placed in the vicinity to the neutral steering angle, 
the neutral proximity pulse signal E3 as shown in 
Fig. 4 (c) is outputted from the light receiving 
element 7c. Therefore, the neutral proximity detect- 
ing slit 6b and neutral proximity detecting light 
receiving elements 7c the light source opposing the 
neutral proximity detecting slit 7c function as a 
neutral proximity sensor 2. 

The vehicle speed sensor 3 includes a magnet 
connected to a vehicle's speedometer cable and 
rotatable integrally to the speedometer and a lead 
switch fixed to the vehicle body and placed in the 
vicinity to the magnet. The vehicle speed pulse 
signal S whose number corresponds to the running 
distance on the basis of the rotation of magnet in 
response to the run of the vehicle. 

The microcomputer 4 Includes a Central Process- 
ing Unit (CPU) 8, a Memory 9 having a Read Only 
l^emory (ROM) and Random Access Memory 
(RAM), and Interface 10 carrying out input/output of 
signals, and a back up battery 1 1 for preventing the 
disappearance of the memory contents. The bacl< up 
battery 11 maintaines a part of the RAM in the 
memory 9 in a valid state even though the vehicle 
ignition switch is turned off. 

The microcomputer 4 receives the power supply 
when the ignition switch is turned on and Inputs the 
steering angle signals E1 and E2 and neutral 
proximity signal E3, and vehicle speed signal S via 
the interface 10. When calculation processing pro- 
grams shown In Figs. 4 and 6 are executed in the 
ROM of the memory 9, the neutral steering angle 
6N(n) is derived (provided that n denotes a positive 
Integral number incremented whenever 9n is 
derived). 

Fig. 4 shows a program for detecting the steering 
angle and reproducing the neutral steering angle 
which is executed whenever It is interrupted by a 
timer for each predetermined interval At which Is 
sufficiently short as compared with a shortest 
possible steering speed. 

In a step 20. the CPU determines whether the 
microcomputer 4 receives the inputs of the steering 
angle signals E1 and E2. In a step 21, the routine 
goes to a step 21 when no steering angle signal Is 
received. In the step 21, the steering angle 9(t - At) 
derived when the program is previously executed (It 
is noted that when the program shown in Fig. 4 is 
initially executed, the steering angle indicates an 
appropriate value) Is set as a present steering angle 



9(t). 

In a step 22, the microcomputer 4 determines 
whether the steering angle direction Is deviated from 
a clockwise direction with respect to the direction of 
5 phase deviations of these steering angle signals El 
and E2. If the steering direction is not the clockwise 
direction , i.e., anticlockwise direction, the routine 
goes to a step 23. In the step 23, the CPU subtracts 
the steering angle A9 of one pitch of the slit 6a from 

10 the previously derived steering angle 6 (t- At) in the 
old step 23. On the other hand. In a case where the 
steering wheel Is rotated In the clockwise direction, 
the present steering angle 9(t) is set with the 
above-described steering angle A0 added to the ■ 

15 steering angle 9(t- At) previously derived in the step 
24 when the clockwise steering direction Is carried 
out. 

The data on the steering angle 9(t) derived as 
described above is written into the RAM of the 

20 memory 9. 

In the step 25. the CPU determines whether the 
neutral proximity signal E3 Is turned on. If It is not 
turned on, the present program routine is ended. 
That is to say, if the steering angle G(t) indicated the 

25 predetermined angle In the vicinity to the neutral 
steering angle, the present steering angle 6(t) is set 
as the neutral proximity steering angle 6c in the step 
26. The value of Gc is written Into the RAM of the 
memory 9. 

30 In the next step 27, the CPU determines whether 
the neutral proximity steering angle 0c derived in the 
step 26 indicates a first value since the ignition 
switch has been turned on. If It indicates the first 
value, the CPU reads the final memory value 8m of the 

35 neutral steering angle 6N(n) when the ignition switch 
has previously been turned on. The CPU determines 
whether an absolute value of a difference between 
the neutral steering angle stored value 6m and 
neutral proximity steering angle 6c derived In the 

40 Step 26 is less than a predetermined value k ( I 
9m - Be I < k). 

It is noted that the determination In the step 28 Is 
prepared on a fail safe structure base to prevent 
erroneous determination of the neutral steering 

45 angle Bwln) from a deviation quantity memory value 
6r in a case where because the steering wheel has 
been steered during the off state of the ignition 
switch or a regular inspection of the vehicle has 
been carried out, the relative positional relationship 

SO between the neutral steering angle memory value Gm 
and neutral proximity steering angle 6c is varied and 
a deviation quantity memory value 8r (as will be 
described later) becomes unreliable. Although a 
case exits where the absolute difference between Bm 

55 and 6c should be less than a predetermined value k 
which Is by nature small to some degree, such a 
case exists where the absolute difference is not less 
than the predetermined value k. 
In the latter case, the CPU determines that there Is 

60 a change In the relative positional relationship 
between Gm and Gc. At this time, the CPU ends the 
present program routine. In the former case, the 
CPU determines that the deviation quantity memory 
value Br is reliable and goes to a step 29. 

65 In the step 29, the CPU reads the final memory 
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value Br of the deviation quantity Gnr (6Nr = 8N(n) 
-Be) between the neutral steering angle Gn and 
neutral proximity steering angle Be when the Ignition 
switch was previously turned on. The final memory 
value Br is held during the switch being turned off 
from the RAM of the memory 9. The neutral proximity 
steering angle Be derived in the step 26 is added to 
the deviation quantity memory value Br in order to 
reproduce the neutral steering angle 6n (Bn = Br + 
Be). Thereafter, the program is ended. 

Fig, 5 shows a program routine for detecting the 
neutral steering angle executed in response to an 
interrupt command, i.e.. executed whenever the 
vehicle speed pulse signal S from the vehicle speed 
sensor is turned on (the vehicle has run by a 
predetermined distance At. In a step 30. the CPU 
reads the previously detected steering angle Bt 
written within the RAM. Hence, the steering angle Bt 
read in the step 30 indicates the data extracted 
whenever the vehicle has run at a constant distance 

In a step 31, the CPU adds the above-described 
predetermined distance Ax to the counter t measur- 
ing the running distance, in a step 32. the CPU 
compares the value of the steering angle Bt read In 
the step 30 maximum value Bmax and minimum value 
Bmin stored in the RAM. if the value of 6i is larger than 
the value Bmax. the CPU updates the value of Bmax. If 
the value of B(t) Is less than Bmin, the CPU updates 
the value of Bmbi. respectively. 

In the step 33, the CPU determines whether the 
running distance x is smaller than the previously set 
reference distance L (x < U). If t < U the routine 
goes to a step 34. After the previous Bt Is added to 
the sum Bsum of the steering angle in the step 34, if T 
< L. the program is ended. If not x < L, i.e. . the 
vehicle has run by the reference distance L, the 
routine goes to a step 35. In the step 35. the value of 
Bsum which is a total sum of the steering angle during 
the run of the vehicle is divided by the data number 
Of the steering angle (L/Ax) to calculate an average 
value of the steering angle Bave. 

(Bave= Bsum/ L/Ax). 

Thereafter, in a step 36, the CPU calculates a 
difference between the maximum value Bmax and 
minimum value Bmin of the steering angle during the 
run of the reference distance L so as to derive a 
variation width. The CPU determines whether its 
variation width falls within the reference width B. 

The determination of the step 36 is carried out to 
derive the neutral steering angle BN(n) from the data 
of the steering angle Bi measuring during the run 
only if the probability that the run during the 
reference distance L is extremely high. If the 
variation width falls within the reference width 
B(Bmax-Bmin ^ A6) previously set as a range to 
adjust the steering angle in order to maintain the 
running road usually when the vehicle runs straight. 
The routine goes to a step 37 when the CPU 
determines that the probability that the run by the 
reference distance L was straight is extremely high. 

In a step 37. the CPU determines that the neutral 
steering angle BnIo) was derived more than once 
after the operation start of the memory 9. In the cas 
of the first time, the routine goes to a step 38. On the 



other hand, the average value Bave of the steering 
angle derived in the step 35 Is set as the neutral 
steering angle 6n(1). The routine goes to a step 39 in 
a case where the average value Bave is already 
5 derived more than once. The CPU derives the neutral 
steering angle 6N(n) from a weight mean, a constant 
a (provided, 0 < a ^ 1) being set as a weight 
coefficient (BN(n) = BnM) -a(8N-a (BnIh -1)-B(n 
-i)-Bave). 

10 It is noted that since a part of the RAM of the 
memory continues to operate even after the Ignition 
switch is turned off. the above-described step 38 Is 
executed only immediately after the vehicle In which 
the neutral steering position detecting apparatus 
75 according to the present invention has been In- 
stalled and only when the CPU executes all of the 
contents of the RAM of the memory 9 has 
disappeared due to the life of the back up battery 11. 
In the next step 40. the deviation quantity BNr Is 
20 derived by substracting the neutral proximity steer- 
ing angle Be reading within the RAM of the memory 9 
from the neutral steering angle BN(n) derived In the 
step 38 or step 39 (Bwr «■ Bwln) -6c). The derived 
deviation quantity BNr is updated with the value of Bn 
2$ written during the previous execution of the program 
as the memory value Bn and is written within the RAM 
to which the baci< up battery 11 Is connected In the 
step 38, or in the step 39. 

Furthermore, in the step 40. the CPU replaces the 
30 neutral steering angle Bn derived in the step 38, or 
step 39 with the previously written value of Bm as the 
memory value Bm within the RAM to which the bacl< 
up battery 11 is connected in order to be used for 
the processing in the previously mentioned step 28. 
3S Hence, when the ignition switch is turned off and the 
final values of both the deviation quantity Bwr and 
neutral steering angle Bn derived during the previous 
on state . the CPU Is held within the RAM as the 
memory value Bh and memory value 9m. 
40 On the other hand. If the variation width as the 
result of determination In the step 36 falls within the 
reference width AB. the CPU does not derive the 
neutral steering angle Bn and sl^ips the steps 37 
through 40 described above since the probability 
45 that the run ot the reference distance L was a turning 
run in cases where the variation width does not fall 
within the reference width AB is extremely high. 

In the step 41 , then, all of the values of x, xsun. Bmax. 
and Bmin are cleared In order to prepare the 
50 calculation processing of the steering angle data 
during the run of the subsequent reference distance 
L Thereafter, this program is ended. 

It is noted that, as shown by a brol<en line in Fig. 5, 
a new step 42 Is inserted between the steps 40 and 
55 41. In the step 42, the reference width 6 may be 
updated with the value of the variation width (Bmax 
-Bmin) derived In the step 36 used to update the 
reference width B. In this way, since by repeating the 
determination of the step 36 the variation width. i.e., 
60 the reference width AB becomes gradually narrower 
corresponding to the actual steering situation, the 
detection accuracy of the neutral steering angle 
becomes improved as the total running distance 
becomes longer. 
55 Fig. 6 shows characteristic graphs of change 
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patterns of the steering angle 6(t) and the neutral 
steering angle GN(n) immediately after the ignition 
switch has been turned on, as a specific example of 
the operating state of the above-described state. 

In Fig. 6, a solid line A denotes the change pattern 
of the neutral steering angle 6t immediately after the 
Ignition switch has been turned on, a solid line B 
denotes the change pattern of the neutral steering 
angle 9n in the preferred embodiment, and a solid 
line C denotes 'the change pattern, of the neutral 
steering angle in the previously proposed apparatus. 
In addition, a dot-dot.-and dash line D denotes a real 
steering angle. 

As shown in Rg. 6, suppose that the ignition 
switch is turned on at a time ti and that the vehicle 
has started the run of the vehicle at a time Xz. Since in 
the case of the previously proposed apparatus, the 
average value 6ave of an interval La at which the 
vehicle has run Is set as the neutral steering angle 
eN(n), it tal<es time to derive the value of the neutral 
steering angle GN(n) although the value of the neutral 
steering angle itself is accurate. 

On the other hand, since, in the first preferred 
embodiment described above, the instantaneous 
steering angle 0(t) is set as the neutral proximity 
steering angle 9c at a time ta at which the steering 
angle becomes a predetermined angle placed in the 
vicinity to the neutral angle range GN(n) and the 
neutral steering angle 6n is reproduced from the 
value Gc and the stored deviation quantity Br. 
Therefore, the value of the neutral steering angle 
GN(n) is accurate and the neutral steering angle GN{n) 
is speedily derived when the steering angle 
becomes in the proximity to the neutral position. 

Since in the first preferred embodiment the 
reference width 0 is narrowed as the running 
distance becomes long. Thus, the neutral steering 
angle at which the accuracy becomes higher is used 
after the Ignition switch has again turned on. The 
accumulation of the data can improve the detection 
accuracy of the neutral steering angle. 

A second preferred embodiment of the neutral 
stejsring angle detecting apparatus according to the 
present invention will be described. 

In the preferred embodiment, as shown In Fig. 7, 
the neutral , proximity detecting slit 6c is installed 
having a relatively wide width such that the neutral 
proximity detecting light receiving element 7c is 
inserted In the slltted disc plate 6 described In the 
first preferred embodiment between both end edges 
In the peripheral direction of the slit at the neutral 
steering angle in place of the neutral proximity 
detecting slit 6b. The steering angle G(t) at both end 
edges of the slit 6c are set as the neutral proximity 
steering angles Ga and 0b. The deviation quantity 
between these Ga and 0b and the neutral steering 
angle eN(n) is stored in the RAM and stored during 
the turning off of the ignition switch. 

Fig. 8 shows characteristic graphs of the change 
patterns of the operations of the above-described 
apparatus. In Figs. 8, the same reference numerals 
denote the con-esponding elements. 

As shown In Fig. 8, In the first preferred 
embodiment, the neutral proximity steering angle 
GN(n) is reproduced at a time ts at which the steering 



angle Indicates the neutral proximity steering angle 
Ga or Gb largely remote from tlie neutral steering 
angle than that In the first preferred embodiment. 
Therefore, at a time when the Ignition switch has 

5 been turned on, e.g., at a time when the Ignition 
switch has been turned on, the steering wheel is 
steered to some degree by means of, e.g., a steering 
lock mechanism at a time when the ignition switch 
has been turned on. However, when the vehicle has 

10 run after the ignition switch has been turned on and 
the steering angle Is returned toward the neutral 
steering angle, the neutral steering angle can be 
derived at an eariier than the first preferred embodi- 
ment. In the first preferred embodiment, the effect 

15 that the neutral steering angle can be derived at an 
eariier stage even when the steering angle is 
returned to the neutral steering angle from either of 
both left and right directions, 
__ln the neutral steering angle detecting apparatus 

20 according to the present invention, e.g., the neutral 
proximity sensor may be Installed independently of 
the steering angle sensor. In addition, the back up 
power supply for the memory may directly be 
received from the vehicle battery In place of via the 

25 ignition switch. 

As described hereinabove. In the neutral steering 
angle detecting apparatus according to the present 
Invention, the final value of the deviation quantity 
between the predetermined steering angle in the 

30 vicinity to the neutral steering angle and the neutral 
steering angle Is stored during the turning off of the 
ignition switch. After the Ignition switch has been 
turned on, the steering angle initially reaches the 
predetermined . steering angle. At this time, the 

35 neutral steering angle is reproduced from the 
steering angle at that time and from the final value of 
the above-described deviation quantity. The neutral 
steering angle Is detected for an extremely short 
time. Furthermore, the neutral steering angle data 

40 can be used before the Ignition switch has been 
turned off so that the detection accuracy by the 
accumulation of the data can be Improved. 

It will fully be appreciated by those skilled in the art 
that the foregoing description is made in terms of 

45 the preferred embodiments and various changes 
and modifications may be made without departing 
from the scope of the present invention which is to 
be defined by the appended claims. 

SO 

Claims 

1 . An apparatus for a vehicle, comprising: 

a) first means for detecting a steering 
55 angle; 

b) second means for measuring a run- 
ning distance of the vehicle; 

c) third means for comparing the run- 
ning distance with a previously set ref- 

60 erence distance and outputting a running 

signal whenever the vehicle has run by the 
reference distance; 

d) fourth means for deriving an average 
value of the steering angle during the run 

65 whenever the vehicle has run by the 
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reference distance; 

e) frith means for calculating a variation 
width of the steering angle during the run 
whenever the vehicle has run by the 
reference distance; 5 

f) sixth means for determining the 
average value derived together with the 
variation width as a neutral steering angle 
In a case where the variation width falls 
within a reference width ; 10 

g) seventh means for detecting that the 
steering angle has fallen in a predeter- 
mined steering angle previously set In the 
vicinity to the neutral steering angle and 
outputting a neutral proximity signal upon 15 
the detection thereby; 

h) eighth means for calculating a devia- 
tion quantity between the steering angle 
and the neutral steering angle; 

i) ninth means for storing the final value 20 
of the deviation quantity irrespective of the 

on and off of an ignition switch of the 
vehicle; and 

]) tenth means for reproducing the 
neutral steering angle from the final value 25 
of the deviation quantity which has been 
stored and the steering angle on the basis 
of a first of the neutral proximity signal in a 
case when the ignition switch of the vehicle 
has been turned on. ^ 

2. An apparatus as set forth in claim 1, 
wherein the first means comprises a slitted disc 
plate integrally rotatable with a steering shaft of 
the vehicle, the slitted disc plate having a 
multiple number of slits provided at equal 35 
intervals along an outer periphery thereof and a 
photo interrupter installed adjacent to the 
slitted disc plate so as to sandwich the slits. 

3. An apparatus as set forth in claim 2, 
wherein the seventh means comprises a single 40 
slit penetrated through the slitted disc plate at a 
position in a radially inner direction of the disc 
plate which is overlapped with the photo 
interrupter in a case where the steering wheel is 
placed in the vicinity to the neutral steering 45 
wheel. 

4. An apparatus as set forth in claim 3, 
wherein the photo interrupter includes two first 
light receiving elements disposed at two posi- 
tions overlapped with the slits for detecting the 50 
steering angle so as to be spaced apart from 
each other along the peripheral direction of the 

disc plate by a distance corresponding to an 
integral number of times of a pitch added or 
subtracted by 1/4 pitch, a second light receiving 55 
element disposed so as to be overlapped with 
the slit for detecting the neutral proximity 
detecting slit, and a light source. 

5. An apparatus as set forth in claim 1, 
wherein the second means Includes a vehicle 60 
speed sensor for detecting the vehicle speed. 

6. An apparatus as set forth In claim 1, 
wherein the first means outputs a steering 
angle signal Indicating the steering angle when- 
ever the vehicle has run by a predetermined 65 



distance and wherein the fourth means derives 
a total sum of the steering angle |9sum) when 
the vehicle has run by the reference distance 
and deriving the average value (Gave) by dividing 
the value of the total sum of the steering angles 
by the number of data on the steering angles 
(L/At). 

7. An apparatus as set forth in claim 5, 
wherein the fifth means derives a maximum 

- -value (6max) -and minimum value (Gmin) of the 
detected steering angles during the run of the 
reference distance (L) and derives a difference 
between the maximum value and minimum 
value to calculate the variation width. 

8. An apparatus as set forth in claim 6, 
wherein further Includes eleventh means for 
detennining whether the variation width derived 
by the fifth means falls within the reference 
width (AS). 

9. An apparatus as set forth In claim 7, 
wherein the apparatus comprises a memory 
which receives a power supply even when an 
ignition switch is turned off, wherein the sixth 
means includes twelfth means for determining 
whether the neutral steering angle has been 
derived one or more since the memory has 
operated and thirteenth means for deriving the 
neutral steering angle Gn(1) from the average 
Gave derived by the fourth means when the 
twelfth means determines that the neutral 
steering angle has first been derived and 
deriving the neutral steering angle Gn from a 
weight means of a previous neutral steering 
angle e(n-i) and the average steering angle Gave 
with a constant a being a weight coefficient 
(provided that 0 ;S a ^ 1) 
(BW - eN(n-l) -a(e(n.i)-GAVE). 

10. An apparatus as set forth in claim 8, 
wherein the tenth means includes fourteenth 
means for determining whether the neutral 
proximity signal outputted by the seventh 
means is the first since the ignition switch has 
been turned. on and fifteenth means for deter- 
mining whether an absolute difference between 
the values of the neutral steering derived when 
the ignition switch has previously turned on and 
the proximity signal Is less than a predeter- 
mined value k ( I Gm -Gc I < k) on the basis of 
the result of the determination by the fourteenth 
means. 

11. An apparatus as set forth In claim 9, 
wherein the tenth means reproduces the neu- 
tral steering angle from the addition of the final 
value of the deviation quantity stored by the 
ninth means and the neutral proximity steering 
angle signal detected by the seventh means 
(eN(n) « Gr + Gc). 

12. An apparatus as set forth in claim 10, 
wherein the ninth means is constituted by the 
memory and which further includes a back up 
power supply connected to the memory, the 
previously derived neutral steering angle being 
stored in the memory as 8m. 

13. An apparatus as set forth in claim 4, 
wherein a third slit having a width wider that the 
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second slit is provided In place of the second 
slit so that the second light receiving element 
can be Inserted thereinto, , 

14. An apparatus as set forth in c!aim 12, 
wherein the seventh means output the neutral 5 
proximity signal when the second light receiving 
element detects each end edge of the third slit. 

15. An apparatus for detecting a neutral 
steering angle of a steering wheel of a vehicle 
applicable to a fourth wheel steering control 10 
system, comprising: 

a) first means for detecting a steering 
angle of the steering wheel; 

b) second means for detecting a vehicle 
speed and measuring a running distance of IS 

the-vehicle on the basts of the vehicle 

speed; 

c) third means for comparing the run- 
ning distance with a previously set ref- 
erence distance and outputting a running ^ 
signal whenever the vehicle has run by the 
reference distance; 

d) fourth means for deriving an average 
value of the steering angle during the run 
whenever the vehicle has run by the 25 
reference distance; 

e) fifth means for calculating a variation 
width of the steering angle during the run 
whenever the vehicle has run by the 
reference distance; 30 

f) sixth means for determining the 
average value derived together with the 
variation width as the neutral steering 
angle through which the vehicle goes 
straight in a case where the variation width 35 
falls within a reference width; 

g) seventh means for detecting that the 
steering angle has fallen In a predeter- 
mined steering angle previously set in the 
vicinity to the neutral steering angle and 40 
outputting a neutral proximity signal upon 

the detection thereby; 

h) eighth means for calculating a devia- 
tion quantity between the steering angle 

and the neutral steering angle ; 45 

I) ninth means for storing the final value 
of the deviation quantity Irrespective of the 
on and off of an Ignition switch of the 
vehicle; and 

j) tenth means for reproducing the SO 
neutral steering angle between the final 
value of the deviation quantity which has 
been stored and the steering angle on the 
basis of the first of the neutral proximity 
signal in a case when the ignition switch of 55 
the vehicle has been turned on. 

16. A method for detecting a neutral steering 
angle of a steering wheel of a vehicle applicable 
to a four wheel steering control system, 
comprising the steps of: 60 

a] detecting a steering angle of the 
steering wheel; 

b] measuring a running distance of the 
vehicle; 

c] comparing the running distance with a 65 



previously set reference distance and 
outputting a running signal whenever the 
vehicle has run by the reference distance; 

d) deriving an average value of the 
steering angle during the run whenever the 
vehicle has run by the reference distance. 

e) calculating a variation width of the 
steering angle during the run whenever the 
vehicle has run by a reference distance. 

f) determining the average value derived 
together with the variation width as the 
neutral steering angle through which the 
vehicle goes straight In a case where the 
variation width falls within the reference, 
width; 

g) detecting that the steering angle has 
fallen in a predetermined steering angle 
previously set in the vicinity to the neutral 
steering angle and outputting a neutral 
proximity signal upon the detection 
therein; 

h) calculating a deviation quantity bet- 
ween the steering angle and the neutral 
steering angle; 

i) providing a memory for storing the final 
value of the deviation quantity irrespective 
of the on and off of an ignition switch of the 
vehicle; and 

]) reproducing the neutral steering angle 
between the final value of the derivation 
quantity which has been stored and the 
steering angle on the basis of the first 
neutral proximity signal in a case when the 
ignition switch of the vehicle has been 
turned on. 
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